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(54) Tinted plastic articles and thermoplastic composition for its preparation 



(57) A thermoplastic molding composition compris- 
ing a transparent resinous component suitable for tinting 
by dip-dye method is disclosed. The resinous compo- 
nent is selected from the group consisting of (i) a blend 
of (co)polycarbonate resin and (co) polycaprolacone, 
and (ii) a copolymer containing carbonate and caprol- 
actone structural units. The composition, characterized 



in that it Is free of photochromic colorants, may be mold- 
ed by thermoplastic means, and the molded article is 
then dippeddyed by immersion in a tinting solution. The 
tinted articles are suitable for making, among others, op- 
tical lenses. 
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Description 

Field of the Invention: 
[0001] 



compo„.„,„,„^ieh '^r.^k.^^^ ^^'^'tr^Z '" " " "«>"''"9 composBon. ,he resinous 

" TECHNICAL BACKGRQUNn 

setting polycarbonate resin is knownrdif^errml thJ^^^^^^^^^^^^ °^ Thermo- 

^ method of making. Articles made ofreTrsZq ^S^^^^^^^^^ '^"^^ of properties, applications and 

suitable solution that contains dye (or t^^s ^calS "^^^^^^^^^ ^ ! ''^^'^^ ''^ a 

conditions that are conducive to diusion and esute n L fol'^^^ " ""'^^^ "™ ^"'^ temperature 

the desirBd degree of tinting and on the chemis^v o th! l,? 1. ' near-surface tinted section. Depending on 

A commercial product thatlavai,:l%t^^^^^ 

(diethylene glycol bis(allyl carbonate)) which is reoortedlv tint?h?K 7^ f ''^^^^"^osetting aliphatic polycarbonate 
.ataremoldedofthermoplasticaroniLicpolyc^™^^^^ 

"^1^^^:.'::^:^^ tt r ' ^^^'^^^^^ ^^^^^ -<^- -^ese are usefu, for 

case of the later, the tint used n hetn acts so a^^^^^^^^^^ 'rT""'' '""''^ light. In thL 

[0004] in this connection it wort^rno^thl fhl* , *^^"«'"'ssi°n °f UV light, 

is harmful to the human eje The a 'f^r;!''? '^V"^ f f^"^'"" °^ '^^ spectrum of electromagnetic radiation 
290 to 315 nm) and UVA r^g^Jntdir^ ^^^^^^"^ 

are significantly more damaging to the cornea of theTye ^' wave-lengths, in the UVB region. 

EpJcUeXrr 

dyed by immersion in a solvent that contained dvf In acclfdlnl . I' °^ them,osetting polycarbonate were 
liquid polycarbonate monomer (undyed) and 3^0^^ ?, ^ P^^^uced by placing 

mold and is then Polymerized. Vt aS o be d e ?^^^^^ h" "T!' '^^P^P^' ■ ' 

about 200«F until sufficient dye has penetrated the thl^^ « ^ temperature of 

rinsed and dried. The dyeingCiiont Ta d^ ^^^^^ The tinted article is then removed. 

CA 2,157 rfnl^^^^^^^^ Th *° ^°'Vcarbonate. is disclosed in 

exposed to microwave heat ng. AH rexalTesIn t^^^^^ ou^f bo.l.ng organic solvent bath containing the dye and i 
lOOOTJ U.S. Patent 5.998.520 is noted forTe ;^^^^^ *° .^^-39. a thermosetting polycarbonate. 

The composition contains a p^sently relevant r^^^^^^^^^^^^^ ^^ving improved fade rate. 

SUMMARY OF THE INVFMTinM 

bonate resin and (co) polycaprolacone TnTr i^ .H f ^ consisting of (i) a blend of (co)polycar- 

The composition, characterized inVh::. JZ'i l.rT.T^ "^^^'"'"^'^ ^nd caprolactone Structural units, 

and the molded article is thendipped-^yeJbTl^^^^^^ 

among others, optical lenses. 'mmersion m a tinting solution. The tinted articles are suitable for making. 

DETAILED DES CRIPTION OF THE INVENTION 

(i) a blend of {co)polycarbonate resin and (co) polycaprolacone. and 
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(ii) a copolymer coupling carbonate and caprolactone structural ui^^ 
[001 OJ The composition is characterized in that it contains no photochromic dye. 

[001 1] In an additional embodiment, the invention concerns a method of using the inventive composition comprising 
thermoplastically molding an article and immersing the molded article in a solution containing a dye. to form a tinted 
artrcle. Throughout the present text, the terms "tint" and "tinted" will be used to refer to "dye" and "dyed". 
[0012] In a yet additional embodiment, the invention is directed to the tinted article made by the inventive method. 
The inventive thermoplastically molded article comprises a near-surface region that contains a dye. The size of the 
region, its thickness and the amount of dye contained therein is calculated to impart tinting to the article. 
[0013] Throughout the text of this application reference is made to "tinting", "tinting bath" and "tinted articles" but. as 
will be described below, the inventive method was found to be suitable for modifying properties of molded articles 
generally. This embodiment of the invention is directed to dipping the molded article in a bath that contains functional 
agents/perfonnance additives that are incorporated in the near surface regions of the molded article by diffusion. There- 
fore, in all appropriate instances throughout this text, the term "tinting" and "tinted" needs to be understood broadly to 
cover these functions brought about by performance additives generally 

[0014] Further, while the invention is described with particular focus on its applicability to the making of optical lenses. 
It will be understood that other articles that are thennoplastlcally molded may be similarly made. It will further be un- 
derstood that the terms "optical lenses" and "lenses" as used herein to refer generally to protective eyewear, especially, 
spectacles, sunglasses and goggles and the like. 

[0015] For clarification: in the first embodiment of the invention entailing a blend, the (co)polycarbonate component 
may include copolymer(s) containing carbonate and caprolactone structural units. 

[0016] Referring first to the embodiment directed to a molding composition, the blend contains about 1 to 40, pref- 
erably 5 to 35 percent of (co) polycaprolactone and 99 to 60. preferably 95 to 65 percent of {co)polycarbonate (the 
percent being relative to the weight of the blend). The {co)polycarbonates within the scope of the present invention 
are homopolycart)onates. copolycarbonates. branched polycarbonate resins and mixtures thereof. Such (co)polycar- 
bonate resins are known and their structure and methods of preparation have been disclosed for example in U S 
Patents 3.030.331; 3.169.121; 3.395.119; 3,729.447; 4,255.556; 4.260.731; 4.369,303 and 4.714.746. ail of which are 
incorporated by reference herein. 

[0017] The {co)polycart5onate resins generally have a weight average molecular weight of 10.000 to 200 000 pref- 
erably 20.000 to 80,000 and their melt flow rate, per ASTM D-1238 at 300°C. is about 1toabout85g/10min,. preferably 
about 2 to 21 g/10 min. These resins may be prepared by the known diphasic Interface process from a carbonic acid 
derivative such as phosgene and one or more dihydroxy compounds by polycondensation (see German Offenlegungss- 
chrlften 2.063.050; 2,063.052; 1 .570.703; 2.211 .956; 2.211 .957 and 2,248.81 7; French Patent 1 .561 .518; and the mon- 
ograph H. Schnell, "Chemistry and Physics of Polycart)onates". Interscience Publishers. New Yori<, New York, 1964, 
all incorporated herein by reference). 

[0018] Dihydroxy compounds suitable in the present context conform to the structural formulae (1) or (2). 
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and e and g both denote the number 0 to 1:Z denotes F CI Brorr r .lu i ^ 

.n one aryl radical, they may be identical or d iffSr m one ano^^^^^^^^^^ ' 'f''^'' ^ ^^''^'^^ 

an integer of from 0 to 3. erennrom one another, d denotes an integer of from 0 to 4; and f denotes 

pylbenzenes, as well as their nuclear-alky a ed comoorrTr.^^ ^ ^"'^ «.«-bis-{hydroxyphenyi)-diisopro- 
are described, for example, in U.s/pa enrs 028 35^^^^^^^^ 

all incorporated herein by reference 2,999.835, 3,148,172; 2,991.273; 3,271,367; and 2,999,846 

isopropylbenzene. 2.2-bis-(3-methvM hvd oxvitnwif 
bis-(3,5-dimethyU-hydroxyphi yC a^^^^^^ 

4-hydroxyphenyl)-sulfide, bL(3,5ijirnethylihSoxvDhen^^^^^^^^ bis-(3.5-dimethyl- 
dihydroxy-benzophenone.2,4-bi -{3,5 d m (hifSoxr^^^^^^^^^ 
nyl)-p-diisopropylbenzene, 2,2,4-tr methXcllexW^^^^^^^ 

ularly preferred dihydroxy compounds a eT2 bt^ h^^^^^^^^^^ ' o'' ^^'""'^^ ^ '^'^ 
nyl)-propane,2.2,4-trimethylcyclohexyl-lldipheno^^^^^^^^ 2,2-bis-(3,5-dimethyl-4-hydroxyphe- 
(co)polycarbonate is one derived at leas in oart W hill '^^^ "'^s* Preferred 

polyhydroxyl compounds whinh ' ;: ,::;r.t:!^^^^^^ ^-^^'^l^- The following are some examples of 

heptane;1,3,5-tri-(4-hydroxypheny)-benz^^^^ 

y) zene, i.l.1-tn-(4-hydroxyphenyl)-ethane: tri-(4-hydroxyphenyl)-phenylmeth- 
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W)is-(4-hydroxy-1-isopro-pylidine)-phenol- 
2.6-b.s-(2 -<i.hydroxy-5'-methylbenzyl)-4-methy.-phenol: 2.4-dihydroxyben2oic acid: 2-(4iydroxyphenyl)-2-(2 ^S.h^^^^ 

Inds a'JJS'r "k' Some of the ether polyfunctional a,I 

Srointe ^•^■^"y^™''^'^"^"^ ^"^^'^ ^Vanuric chloride and 3>bM4-hydroxyphenyir2-oxo.2.3.Sl,^ 

[0023] In addition to the preferred, interfacial polycondensation process mentioned above, other processes for the 
preparation of the {co)polycarbonates of the invention are polycondensation in a homogeneous phase and transester- 

^closed in U S pTp^^ Q^^^^^^ ^^''^'^^ Mpolycarbonates of the invention such as 

disclosed in U.S. Patent 3.912.688. incorporated herein by reference, may also be used 

rml^^T"" available in commerce, for instance, under the trademark Makrolon 

from Bayer Corporation, of Pittsburgh. Pennsylvania. • 

[0025] The (co)polycaprolactone constituent of the inventive blend (herein "PCL") is a linear polyester formed through 
^LTyTd'nr '^ ' M 1^1^P^°'^^«°"«- 't is characterized in having molecular weights (weight average) of uplo 
TTn ^ *° P^"^*'^"'^ ^OO-OOO. PCL preferabj has a reduced vis- 

cosity (measured with 0.2 g of polymer in 100 milliliter benzene at 30«C) of about 0.1 to 1 .5. more preferably about 0.5 

[0026] The molecular structure of the suitable PCL contains structural units conforming to 



O 

Sr/Jj-^T^'T^^ are pariially crystalline resins including Tone Polymers P-767 and P-787 that are available from 
2 oxeoanon. wiihr/,^?^ ^''^^ ^^^^ ^"^ ^APA 680. This linear polyester of 

fveraaeU?Lout37;n^^^ 

average) of about 37,000 and a softening temperature of about 58-60^C 

Il°ffi,lll!!,r.''°*T'' "^"-^ "^--^ component f, a Wook or random {carbonale-lac 

TSl^ToS.T7 i " -carbonale-laotone copolymer) having a weigh, average molecularweight 



o 

!mo!!it?' r'^"^? T ®° P^^-^^"* being relative to the total molar 

^rol. H H ? ' "^^^ 'l^rived from at least one of the 

SnIlSl7 ^t'^'' '° ''"'^ ^'^^ (co)polycarbonates. The preparation of carbonate- 

nnt, ^^P^'y'"^' conventional and follows the procedures well known in the polycarbonate art 

S Snv^l'n • ^"^ themioplastic moldingjof the transparent blend and/or carbonate -lactone copolymer 

of the invention are well known in the art. K^-ymw 

Slv^^onf °f tT^. '"'^'""3 ^ '''^"^ ^'^^ component and the one entailing 

a copolycartjonate. it is possible to use certain polyesters in. at least partial, replacement of PCL. Example 2 herein 
below is demonstrative. 

!!?h^l TJ^ thermoplastically molded article, molded of the inventive composition, is tinted by the known dip-dye 
method The article may be tinted by immersion in a liquid bath that contains a colorant. The inventive method of the 
present invention is applicable for the preparation of a variety of tinted articles, including optical lenses as well as 
mn,^!^ a household appliances, housings for telephones, housings for computers and lighting fixtures. 
[0033] The tinting, according to the invention, is applied to clean articles and. if necessary, the articles may be sub- 
jected to a preliminary cleansing operation and optionally to a pretreatment with a surfactant. A clean article may 



_ EP1213320A1 

" "j" ^^'^^ dyes useful in the practice of the present invention are not limited to these classes 

Sndt'Tird^nf rt "^'^ ^^^"'^"^ ^'♦^ standard chemical handbooks, such as "The 

?e l ow 36 fc 13065rir h"' f i"" '' 81 (C.I. 28160) and Ac^d 

Se bath brinnstS' ^t^'!"'"* °' ''""'"^ an article molded of the inventive composition in a 

ra043l ?hT I I .''"P^'"^" ^ predetermined time necessary to achieve a desired intensity of tin 

OoS Ihe t anS^tr: '7 ^'''""'"y ^ ^"^^^-^ - ^^'^ mention d a ov 

[0044] The total light transmittance (TLT) of the article tinted, in accordance with the present invention, varies with 
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the depth of dyeing w^^in turn, is a function of the materials and con^ftns employed. 

(0045] The invention is further illustrated but is not intended to be limited by the following examples in which all parts 
and percentages are by weight unless othenwise specified. 



EXPERIMENTAL 

Example 1 



[0046] In a series of experiments, the results of which are summarized in Table 1 , demonstrating an embodiment of 
the mventron. polycarbonate resin (Makroion 2608 resin, a homopolymer based on bisphenol A, and having a MFR 
value of about 12 gm/10 min.) was blended with the indicated amounts of PCL (CAPA 640 from Solvay) to produce 
ir?5c»^ ^^^^ °^ compositions was used in molding discs of about 4 inches in diameter and 

ai25 in thickness by conventional injection molding technique. The molded articles were first dipped in a surfactant 
(Preparation 2 for Plastics, a product of BPI) at 82»C for 30 sec. The thus conditioned discs were then immersed in an 
aqueous solution that contained water soluble black dye (46300 from BPI products). The solution temperature was 
at)out 82''C and the duration of fhe immersion was 30 minutes. The solution was prepared by mixing 3 oz. of dye per 
1 liter of water. The discs were not rinsed before tinting. 

[0047] The light transmission, determined in accordance with ASTM -1 003 relative to the articles thus dyed is indi- 
cated below. 



Example 2 



Table 1 



PCL content, (%) 


1 


2 


3 


4 


5 


6 


7 


8 


%TLT(0 


91.5 


91.9 


91.9 


91.9 


91.4 


90,2 


90.0 


88.8 


yoTLK"") 


86.8 


86.9 


86.3 


84.8 


83.5 


81.7 


69.4 


33.7 


ATOT 


4.7 


5,0 


5.6 


7.1 


7.9 


8.5 


20.6 


55.1 



(ii) total light transmission after dying. 



[0048] In an additional experiment a composition containing 70% polycarbonate and 30% PCTG, was used in making 
a tinted article. The preparation of the composition, the molding and tinting procedures followed the same procedures 

fn/T- Ro "^""P'® ^ • '^^ corresponding optical data were determined as follows:% TLT 53%, UVB = 0% and 

UVA *~ 16^^). 



Examples 3-13 

[0049] The optical properties of an additional series of compositions were determined as shown below In this series 
compositions containing Makroion 2608 and PCL (CAPA 640) were prepared, articles molded therefrom and tinted 
oHowing the procedure noted above. The optical properties of the tinted articles^were determined as shown in the 
table below: 



Table 2 



Ex. 


PCL (%) 


Pre-tinting 


, Tinted articles 


UVA 


UVB 


Haze 


TLT 


Haze 


A 


TLT 


Ai 






3 


1 


0.64 


91,5 


15 


0.8 


86.8 


4.7 






4 


2 


0.74 


91.9 


1.3 


0.5 


86.9 


5.0 






5 


3 


1.38 


91.9 


1.4 


0.0 


86.3 


5.6 






6 


4 


0.92 


91.9 


1.7 


0.7 


84.8 


7.1 






7 


52 


1.53 


90.5 


1.9 


0,4 


83.2 


7.4 


44 


1 


8 


6 


2.6 


90.2 


1.3 


-1.3 


81.7 


8,5 


40 


1 


9 1 
1 


7 


1,0 


90.0 


1.6 


0.6 


69.4 


20.6 


24 


0 



- TLT pre Unting less TLT post tinting. 
2 - average of two experiments 
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Table 2 (continued) 



Ex. 


PCL {%) 


Pre-tinting 


Tinted articles 


1 1\/A 

UVA 


UVB 


Haze 


TLT 


Haze 


A 


TLT 


A1 






10 
11 


8 


1.4 


88.8 


1.9 


0.6 


33.7 


55.1 


9 


1 


9 


1.5 


89.7 


4.0 


2.5 


20.2 


69.5 


7 


0 


12 


10 


1.5 


90.1 


2.9 


1.5 


13,7 


76.4 


5 


0 


13 

1 Ti-r 


15 


1.3 


94.6 


4.5 


3.2 


1,9 


927 







pre tinting less TLT post tinting. 

ZtrL "I" '^T"^' ^"-^ ^^""P'^' ^' ^' ^' 12 were additionally determined by a 

different operator and reported as 85, 83. 61 , 28. 20 and 1 2, respectively. 

Example 14 

Sfd^Ln^^f'^mr H accordance wrth the inventions were prepared and articles were molded therefrom 

tne inventive method. The following performance additives were used successfully 

^Lcll^ d^' rpI y T' ^T" ^'"^ ^'^-^"'^^ Green molecular dye, BPI Red 

molecular dye BPI Yellow molecular dye. Metanil Yellow and Nigrosine (both from C.I. Dye), Disperse YeMow (a crude 
non-ionic dye). Thionin (an ionic dye). Rhodamine B (a cationic dye) and amino-4-hydroxyanthroq; nnonn so u^^^ 
OOMl' MhZ:? ?■ "^"^ Stabilizer and Uvftex OB, an opticallightener. ' 

[00521 Although the invention has been described in detail in the foregoing for the purpose of illustration it is to be 

art wThou°t de .''^I'k" '''' '''' "^^'^ t^«'«i" "y ho' skil li i thl 

art without departing from the spirit and scope of the invention except as it may be limited by the claims. 



Claims 



Se cooofvl^^^^^^^^ (co)polycarbonate resin and (co)polycaprolacone. and (ii) a block or random carbonate- 
lactone copolyme containing carbonate and caprolactone structural units, said composition characterized in that 
It contains no photochromic dyes. "^uininai 



2. 



4. 



le^dnt T """""^ ""'"P^*'""" °^ Claim 1 wherein the component is a blend containing about 1 to 40 

?eX to h^reS'^H' " '° '° of (co)polycarbonate. the percent, both occurrences being 

relative to the weight of the resinous component. 

le^PnnTf composition of Claim 1 wherein the component is a blend containing about 5 to 35 

?elaTe to heteSroM^ °' (co)polycarbonate. t^e percent, both occurrences, being 

reiaiive lo tne weight of the resinous component. 

The thermoplastic molding composition of Claim 1 wherein the carbonate-lactone copolymer has a weight average 
molecular weight of at least 10.000 and contains 1 to 50 mole pe«:ent of structural units conforming to 



relft?ve?o^lTo? """^ ^^^^^^ (co)polycarbonate. the percent, both occurrences, being 

relative to the total moles of lactone and carbonate structural units. 

A method of tinting a plastic article comprising 



(i) molding an article of the composition of Claim 1 , and 
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(ii) obtaining ^^ing bath that contains a solution of a tinting . and 

(iii) Immersing said article in said dipping bath for a time and at a temperature designed to promote diffusion 
of said tinting agent into the near-surface regions of said article. 

6. The method of Claim 5 wherein the composition contains a blend of {co)polycarbonate resin and (co) polycapro- 
lacone. 

7. The method of Claim 5 wherein the composition contains a block or random carbonate-lactone copolymer con- 
taining carbonate and caprolactone structural units. 

8. The method of Claim 5 wherein the article is an optical lens. 

9. The method of Claim 6 wherein the article is an optical lens, 

10. The method of Claim 7 wherein the article is an optical lens. 

11. The method of Claim 5 wherein the article is a member selected from the group consisting of a housing for a 
household appliance, a housing for a telephone, a housing for a computer and a lighting fixture. 
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